Background. The rates of lung adenocarcinoma cancer have risen more rapidly than the rates of lung squamous cell cancer over the past 2 decades.
INTRODUCTION
The incidence of lung cancer in the United States increased substantially over the past several decades. Using data from the SEER 3 cancer registries, Devesa et al. showed that the trends in lung cancer incidence varied by gender, race, and histologic type [1] . The incidence of adenocarcinoma (AC) increased by 111% for white men and by 220% for white women between 1969-1971 and 1984-1986 . In contrast, over the same 15-year time period, the rate of squamous cell carcinoma (SCC) increased by 25% for white men and 156% for white women. Among blacks, the trends were similar. These rates have decelerated greatly during the most recent 5-year period, 1984-1986 to 1989-1991 . SCC began to decline among both white and black males, and AC decreased slightly among black males, but histology-specific rates of both SCC and AC continued to increase among white males and among all females (National Cancer Institute, unpublished data).
While it is well established that cigarette smoking is the major cause of lung cancer, the marked differences in the rates of AC and SCC as well as their different patterns of change among men compared with women suggest that exposure to cigarette smoke carcinogens is changing in complex ways.
The FTC-rated yields of ''tar'' and nicotine in smoke both decreased by at least 60% since 1950 due largely to introduction of filters (Fig. 1) . Because cigarette ''tar'' contains numerous carcinogens, it is plausible that the secular changes in lung cancer rates are the consequences of changes in the formulation and manufacture of tobacco products in recent decades. Previous case-control and cohort studies found the risk of lung cancer for smoking lower ''tar'' cigarettes to be significantly lower than for smoking high-''tar'' cigarettes [2] . However, this conclusion was based on studies of smokers of cigarettes that contained much higher ''tar'' levels than those commonly smoked during recent decades [3] .
The extent of cancer risks associated with smoking the newer, lower ''tar'' cigarettes have not been established because these cigarettes were only recently introduced into the market, whereas lung cancer has a latency period measurable in decades. It can be expected that lower yield cigarettes will have health consequences that differ from those of higher yield products because of their altered smoke chemistry. Figure 2 shows that a long-term decline in PAHs has been accompanied by higher smoke concentrations of TSNAs such as NNK, which resulted from an increase in the nitrate content of cigarette tobacco from about 0.5 to 1.3-1.5% [4, 5] . PAHs and TSNAs are both complete 1 This work was supported by USPHS Grants CA-32617, CA-68384, CA-29580, and CA-17613 from the National Cancer Institute. 2 To whom reprint requests should be addressed at American Health Foundation, 320 E. 43 Street, New York, NY 10017. lung carcinogens but with differing effects on animal models. Intratracheally instilled BaP and other carcinogenic PAHs induce squamous cell carcinoma in rats and hamsters [6] , and workers who are exposed to aerosols from combustion products with high concentrations of carcinogenic PAHs develop predominantly SCC [7, 8] . NNK induces primarily adenoma and adenocarcinoma of the lung in mice, rats, and Syrian golden hamsters independently of site of application [9] . It is thus possible that smokers who switch to lower yield cigarettes or who smoke them exclusively may be at risk for different types of lung cancer compared with smokers of higher yield cigarettes. We therefore studied the risk of the two most common histologic types of lung cancer, SCC and AC, in relation to long-term filter cigarette smoking.
MATERIALS AND METHODS
Beginning in 1977, a hospital-based case-control study of risk factors for lung cancer was carried out in New York and several other cities. The methodology for this study has been previously described [10, 11] . In brief, after signing a consent form approved by the local Institutional Review Board, newly diagnosed incident cases of lung cancer were interviewed by trained personnel using structured questionnaires. Lifestyle habits such as tobacco smoking, alcohol consumption, occupational histories, and occupational exposures were recorded. The histological types of lung cancer were obtained from surgical pathology reports. Controls were patients with illnesses unrelated to cigarette smoking, matched to cases on age (±5 years), sex, hospital, and date of admission (±2 months). A total of 5,386 lung cancer patients (1,797 squamous cell and 2,314 adenocarcinomas) and 5,632 controls were interviewed.
The number of years that each brand of cigarette was smoked was recorded, along with amount smoked daily. Cigarette smokers were classified according to whether subjects had smoked nonfilter cigarettes exclusively, had switched from smoking nonfilter to filter cigarettes, or had smoked filter cigarettes exclusively.
The ORs associated with various histories of filter cigarette smoking were calculated using logistic regression, adjusting for age, education, and number of cigarettes smoked per day, in separate strata by gender and histologic type of tumor. For those calculations in which risks were compared among persons with different smoking histories, the reference group consisted of lifetime smokers of nonfilter cigarettes, rather than nonsmokers.
RESULTS
Our analyses are based on 1,366 males and 431 females with SCC, and 1,332 males and 982 females with AC (Tables 1 and 2 ) AC was more common than squamous cell carcinoma among both men and women below the age of 44 compared with older age groups. The histologic distributions did not differ significantly between black and white subjects.
Among lung cancer cases, those with adenocarcinoma were more likely to have never smoked than those with SCC. Fewer than 2% of the men and fewer than 6% of the women with SCC had never smoked, while 5.4% of the men and 15.0% of the women with AC were never-smokers. Among the cigarette smokers, over 43% of the men and 33% of the women with SCC smoked two or more packs of cigarettes per day, compared with 41% of the men and 29% of the women with AC who were heavy smokers. SCC was associated with higher odds ratios than was AC for both current smokers and ex-smokers: current smokers OR ‫ס‬ 32.1 vs 9.9 for males, 28.3 vs 8.9 for females; ex-smokers OR ‫ס‬ 14.4 vs 4.3 for males, 11.0 vs 4.1 for females. Figures 3 and 4 show classical dose-response progressions with regard to number of cigarettes smoked per day for males and females, respectively. Figures 5 and 6 present ORs and 95% confidence intervals for both types of lung cancer according to lifetime history of filter cigarette smoking, adjusted for age, education, and number of cigarettes smoked per day. For males, the risk of SCC was lower among smokers who had switched from nonfilter to filter cigarettes (OR ‫ס‬ 0.9; 95% CI 0.7-1.2) and lower still for lifetime filter cigarette smokers (OR ‫ס‬ 0.8; 95% CI 0.5-1.2). A pattern of reduced risk for SCC was also observed among women, with significantly reduced risks among women who had switched from nonfilters to filters (OR ‫ס‬ 0.6; 95% CI 0.3-0.98) and still lower risks among lifetime filter cigarette smokers (OR ‫ס‬ 0.4; 95% CI 0.2-0.8). By contrast, the AC risks were not significantly reduced either for men or for women. Polychotomous logistic regression using the common set of controls showed that the logistic regression coefficients for SCC and AC among women were significantly different (P < 0.01). 
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DISCUSSION
The belief that lung cancer risk should increase in proportion to the ''tar'' content of cigarettes is supported empirically by many previous case-control and cohort studies of varying designs [2] , including reports from our group in 1970 [12] , 1977 [10] , and 1979 [13] . However, past studies were based upon cohorts whose lifetime smoking history, especially in their early years of smoking, was weighted with cigarettes having up to four times the yield of both ''tar'' and nicotine of brands commonly smoked today. Since the 1950s the salesweighted average ''tar'' and nicotine yields of U.S. cigarettes decreased from about 38 and 2.7 mg to 12.0 and 0.95 mg, respectively [14] (Fig. 1) while the percentage of all cigarettes smoked in the United States that were filter-tipped cigarettes increased from 19% in 1955 to more than 97% in 1992 [15] .
The reduction in smoke yields, especially in nicotine, has led to ''compensation,'' or behavioral adjustment by smokers of lower nicotine-yielding cigarettes in favor of greater puff frequency, puff volume, and deeper inhalation in order to achieve the desired physiological response to nicotine [16] . Wynder and Hoffmann have suggested that under these conditions, smoke particles are inhaled into the lung with greater velocity, and a greater proportion of them may bypass the major bronchi, depositing instead in the smaller airways and alveoli. This forced inhalation of the smoke aerosol opens the alveoli widely and facilitates the rapid satiation with nicotine [17] . The secondary and tertiary bronchi of the lung and the alveolar region also lack the defenses that are present in the major bronchi, i.e., ciliated epithelium and mucus-secreting cells. Therefore, the more peripheral bronchi are likely less resistant to the toxic and carcinogenic constituents of cigarette smoke.
It is noteworthy that most lung neoplasms among primary smokers of pipe tobacco and cigars are usually SCCs arising from the major bronchi [18] . Cigars and pipes generate alkaline smoke with significant amounts of unprotonated nicotine which is rapidly absorbed through the oral mucosa. Therefore, in contrast to the smoker of low-yield cigarettes, cigar and pipe smokers do not ''need'' to inhale the smoke very deeply, and many do not inhale the smoke at all [19] .
The shift toward AC may also be due in part to higher levels of organ-specific and carcinogenic TSNAs in cigarette smoke. As seen in Fig. 2 , the per-cigarette amount of BaP (a surrogate for carcinogenic PAH) in the smoke of the best-selling U.S. nonfilter cigarette declined from 52 ng in 1965 to 18 ng in 1995, whereas NNK, a surrogate for total TSNA, increased from 110 ng in 1978 to 191 ng in 1995. Similar trends for NNK
FIG. 6.
Odds ratios for lung cancer among current smokers interviewed in AHF study by years of filter smoking and histologic type, adjusted for age, education, time period, and amount smoked per day, females, 1977-1995.
FIG. 5.
Odds ratios for lung cancer among current smokers interviewed in AHF study by years of filter smoking and histologic type, adjusted for age, education, time period, and amount smoked per day, males, 1977-1995.
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were seen for the smoke of other cigarettes, including filter cigarettes.
Our findings, together with the observation by Thun and colleagues that lung cancer death rates among cigarette smokers in the 1982-1989 American Cancer Society cohort were twice those of smokers in the 1960-1966 cohort [20] , strongly indicate that the lower yield cigarettes of today are not necessarily lower risk cigarettes, and emphasize the need for continued and widespread monitoring of smoking-related health risks [21] .
